Abstract. We present in this paper a list of candidates tidal dwarf galaxies selected among a sample of 117 HII region observed in 11 minor mergers. The classification of the HII regions was performed using the blue absolute magnitude (MB < -15), Hα luminosity (L(Hα) > 10 39 erg s −1 ) and the star formation rate (SF RHα > 0.4 M⊙ y −1 ) as parameters. The total number of UV photons, the number of the star of each spectral type and the total stellar mass of the cluster were computed for different models adopting Salpeter's IMF with α = −2.65 for the ionizing cluster. The ionizing cluster model which better reproduce the observed properties are supermassive clusters with mass greater than 10 6 ≤ M/M⊙ ≤ 10 7 .
Introduction
Zwicky (1956) and Schweizer (1978) were the first to propose that collisions between giant galaxies may eject dwarf galaxies to intergalactic/intercluster space. The stars and gas may be gravitationally pulled out of their parent galaxies during tidal encounters, forming rings, tails and bridges. The amount of matter lost during the outflow can be as large as 1/3 of the mass in the pre-encounter disk (Duc & Mirabel 1999) .
Models for the formation of tidal Dwarf Galaxies (hereafter TDGs) put forward two mechanisms (Fritze et. al 1998) :
-Stellar-dynamical models reveal local concentrations of stars along stellar tidal tails torn out from the disk of an interacting spiral (Barnes & Hernquist 1992) . Gas, if present, may then fall into the potential well defined by the disk. -Hydro-dynamical models show local instabilities of gas along gaseous tidal tails that give rise to Super-Giant Molecular Clouds, which then may initiate a Burst of Star Formation (Elmegreen et al. 1993) . Some stars, if present, might then fall into the potential defined by the gaseous component.
Blue knots can be seen along the tidal tails. These condensations of gas and stars may detach from the system in dwarf galaxies or star clusters. But what are TDGs? define a TDG as a self-gravitating entity of dwarf-galaxy mass built from tidal material expelled during interactions. These galaxies are a new class of "recycled" objects with some properties similar to classical dwarf irregulars (dIrrs) and blue compact dwarf galaxies (BCDGs) . Their spectra present optical emission lines, typical of HII regions ionized by OB stars younger than 10 Myrs. The TDGs have blue colors as a result of active starburst. Two types of stars can be found in TDGs: old and young ones. The first ones were made in the parent galaxies and pulled out from the disk by the tidal forces, and the second ones were formed recently by collapse from the expelled HI clouds. Star formation in these regions occur at rates which might reach 0.1 M ⊙ yr −1 (Duc & Brinks 2001) . Since TDGs contain huge HI reservoirs, typically 10 9 M ⊙ , one should expected that the relative importance of an older stellar population would decrease with time as star formation proceed.
Substantial quantities of molecular gas have been detected in the form of CO emission (Braine et al. 2000) , assuming that the conversion factor between the molecular gas and CO emission is similar to the Galactic value, a large amount of molecular gas should be present in TDGs. This fact together with the spatial and dynamical coincidence of CO emission along with Hα emission suggest that we are in the presence of the molecular gas, being transformed into atomic gas and subsequently in stars. (Lisenfeld et al. 2001 ).
The most probable location of the survivor TDGs is towards the tip of the tidal tails, since those formed close to the progenitor would quickly disappear destroyed by the gravitational potential of the parent galaxy (Bournaud et al. 2003) . One should however consider that in the case of interactions between unequal mass galaxies, the length of the tidal tail should be much smaller. Furthermore, dwarf candidates would be located much closer to the nuclei of the interacting pair.
In the previous paper we have estimated the basic photometric parameters of the HII regions of eleven minor mergers of galaxies, from Hα+N[II] images (Ferreiro & Pastoriza 2004 . Most of the detected HII regions of the sample were formed between 3.6 to 13.7 Myrs. ago with an average of (6.3±0.7) Myrs. We have found that the HII region properties, luminosity, sizes and ages are similar in both components. The HII regions have log(Hα+ [NII] ) luminosity between 38.6 and 41.7 and the HII region luminosity function for the whole sample fits a power law of index α = -1.33 showing an excess of very luminous objects compared with normal galaxies, which have power law index of 2.
The goal of this paper is to study the nature of the HII regions of the sample of minor mergers searching for the presence of TDGs. The paper is organized as follows: In Sect. 2 we describe the sample, summarize the observations and briefly describe the data reductions. Sect. 3 presents the classification of the possible nature of HII regions. Sect. 4 we model the ionizing cluster. In Sect. 5 we present the final remarks.
Sample, observation and data reduction
The HII regions studied in this paper were detected in Hα images of eleven minor mergers of galaxies 1 . These pairs of galaxies were selected from the Catalogue of Arp & Madore (1987) and previously studied by FP2004. Narrow band Hα images and continuous (6400Å) were observed in July 1999 using Tektronix 2048 × 2048 CCD attached to the 0.90 m Cerro Tololo Inter-American Observatory Telescope. The pixel scale is 0.396 arcsec. Seeing conditions were good (1".1 -1".4).
All images were reduced following the standard procedures using the IRAF package. These procedures are bias subtraction, flat field normalization, sky subtraction, cosmic ray removal, seeing estimation, extinction correction and calibration with standard stars. Estimates of the accuracy in the calibrations are ± 0.04 mag in B, ± 0.06 mag in (B-V) and ± 0.06 mag in (V-I). Throughout this paper, a Hubble constant of H 0 = 75 km s −1 M pc −1 is adopted.
For each Hα image a suitable Hα continuum image was subtracted. Prior to this subtraction a careful alignment of the images was made. The typical accuracy was better than 0.5 pixel. When the images had different seeing, the ones with better seeing were convolved with a Gaussian function in order to match the image with the worst seeing.
The Hα+[NII] images
2 were used to identify HII regions for each galaxy and measured the CCD positions (X and Y) (FP2004).
The size of the HII region was defined as the equivalent radius r eq = (A/π) 0.5 where A is the area inside the isophotal level that has an intensity value of 10% of the central intensity of the HII region.
The Hα+[NII] flux and luminosity were determined integrating the intensity inside a diaphragm of the equivalent radius. The flux calibration was performed through calibrated spectra of some of the observed HII regions. For each Hα image a suitable Hα continuum image was also observed. Therefore we were able to calculate the equivalent width
We have also measured for the HII regions: B magnitude, B-V and V-I colours inside the equivalent radius. We have estimated the internal reddening for each galaxy from the line intensity ratio Hα/Hβ observed in the nuclear region spectra given by Pastoriza, Donzelli & Bonatto (1999) . The internal reddening derived from the Hα/Hβ ratio of the nuclear spectrum are in the range of 0.25 < E(B−V ) < 0.96. We consider this reddening as an upper limit for the knots.
In table 1 we present for the star-forming regions listed in order of decreasing brightness the following parameters: identification of the regions, the Arp galaxy to which they belong, the blue absolute magnitude M B , the integrated (B − V ) and (V − I) colours, the Hα luminosity (L(Hα)), the number of ionizing photons Q(H), the age of the regions and the SFR(Hα). The number of ionizing photons Q(H) for the observed regions (column 7), were estimated from the Hα luminosity L(Hα) (column 6) corrected by the contribution of the [NII] λλ6548, 6584 emission. This contribution was assumed to be 20% in all the regions. This correction was taken from spectroscopic observations of galactic HII regions (Girardi et al. 1997 ). The number of ionizing photons was estimated by the Eq. 1 of Osterbrock (1989) :
where α B (H 0 , T ) is the coefficient of recombination added on all levels of energy except the fundamental one Hα(H 0 , T ) is the coefficient of recombination in α and the term 10 c(Hα) . The age of the regions, listed in column 8 was estimated from the equivalent width EW (Hα + [N II]) and the B − V and B − I colours using the synthesis models of Leitherer et al. (1999) (See FP2004). We have calculated the SFR(Hα) in the observed HII regions using the following equation 2 (Kennicutt 1998):
This equation was derived using the calibrations of Kennicutt et al (1994) and Madau et al (1998) , assuming stars with solar abundances and Salpeter's Initial Mass Function (IMF) with a mass interval of 0.1
3. Nature of the star formation regions
As it was described in FP2004, a total of 117 HII regions were identified in the 11 pairs of minor merger. In this section we classify these regions using three parameters:
-The blue absolute magnitude M B -The Hα luminosity -The star formation rate SF R Hα .
The blue absolute magnitude M B listed in Table 1 is the integrated blue magnitude of the whole region inside of the equivalent area corrected by the contribution of the underlying disk (see FP2004). The correction was estimate from the luminosity profile decomposition in bulge and disk. This contribution is smaller than 1% for most of the regions therefore negligible inside the errors (∼ 10%).
Using the blue luminosity the observed HII regions were classified in three categories (Duc et. al 2004) :
These regions are weaker than M B > −12 mag. This brightness is characteristic of HII regions observed in the arms of normal Sa/Sb type galaxies (Bresolin & Kennicutt 1997).
-Giant HII Complex (GHIIC): Objects with brightness between −15 mag < M B < −12 mag which corresponds to the interval of the brightest HII region observed in normal Sc type galaxies (Bresolin & Kennicutt 1997).
-T idal Dwarf Galaxies Candidates (T DGs):
Regions with luminosity brighter than M B < −15 mag. The Blue luminosity histogram Fig. 1 (left panel) shows that 61.5% of the HII region have M B ≤ −15 mag (shaded region), 5 of them have magnitude M B ≤ −19 mag, i.e. between 6 to 12 times brighter than the tidal dwarf galaxies candidates of the sample of Weilbacher et al. (2000) . The magnitude limit for this sample is M B = −17.1 mag. Moreover, Mirabel et al. (1992) and Duc & Mirabel (1994) have confirmed the presence of tidal dwarf galaxies in the extreme of the tidal tale of Arp 105 brighter than M B > −19 mag. This value is in the order of the most luminous TDGs candidates of our sample. It is important to point out that the TDGs are more luminous (in M B ) if compared with star-forming regions in normal galaxies. For example, Weilbacher et al. (2000) find that the TDGs candidates are, on average, 4 mag more luminous than the HII region reported by Bresolin & Kennicutt (1997) . Concerning the Hα luminosity of most regions of our sample, they are much more luminous than the most luminous regions observed in spiral galaxies. Star-forming regions with luminosity brighter than L(Hα) = 10 39 erg s Fig. 2 (right panel) we present the distribution of the "global" SF R for the galaxies of the sample. This rate was obtained adding the SFR of all the HII regions in each galaxy. The bin is SF R = 0.4 M ⊙ yr −1 . This "global" SF R is the lower limit of SFR in the galaxy since we have inconsiderate the diffuse Hα emission. Six galaxies of the sample presents SFR larger than 0.4 M ⊙ yr −1 . 
Modeling the ionizing cluster
In order to obtain a better insight on the internal properties that govern the star formation process in the HII regions, we have compared the number of ionizing photons estimated from the measured L(Hα) luminosity listed in Table 1 , with that of models of an ionizing cluster.
Two observational constrain were used for the models:
-1) The age of the HII region is older than 3.6 × 10 6 yrs, therefore the turn off point of the cluster is at O5 spectral type.
-2) The number of ionizing photons is Q(H) > 10 51 photon s −1 .
We calculated for the cluster models, the total number of UV photons (Q(H)), the number of stars in spectral type and the cluster mass adopting for the cluster the Salpeter's IMF with α = −2.65 and Kurucz's stellar atmosphere models.
The results for three ionizing cluster models are present in Table 2 . The stellar spectral type is listed in column 1. In column 2 we list the number of stars for each spectral type. The total number of ionized photons is listed in column 3 and column 4 gives the total mass lacked up in each spectral type. In order to reproduce Q(H) = 1.58 × 10 51 ionizing photons required for the upper limit of the Salpeter's IMF two stars O5 of 60 M ⊙ . Q(H) = 4.8 × 10 52 photons s −1 would require 60 of such stars, while for Q(H) = 4.0 × 10 53 photons s −1 500 O5 stars would be necessary. The total lower limit of the stellar mass for each cluster models are 0.2 × 10 6 , 2.4 × 10 6 and 5.2 × 10 7 respectively. These values agree with young massive clusters (10 4 ≤ M/M ⊙ ≤ 10 7 ) found in the outer regions of the galactic disk or in the tidal tails of the NGC 6872 (Bastian et. al 2005) .
Conclusions
We have presented an analysis of the nature of 117 star formation regions, which were observed in 11 minor mergers of galaxies. We classify these regions using three specific parameters: i) the blue absolute magnitude M B ; ii) the Hα luminosity L(Hα) and iii) the star formation rate SF R Hα . The properties of these regions were compared with the other TDGs candidates. We have found that 61.5% of the HII regions have M B ≤ −15 mag, which is the upper limit of Giants HII Complex (GHIIC) observed by Bresolin & Kennicut (1997) in Sa/Sb type galaxies. massive than young massive clusters found in the outer regions of the galactic disk or the tidal tails of the NGC 6872.
